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(54) Etched tri-layer metal with integrated wire traces for wire bonding 



(57) A circuit component secured to a printed circuit 
board typically uses fine wires for completing the circuit 
from the printed circuit to the component. The compo- 
nent may be an integrated circuit having one or more 
pads thereon for receiving the wire. A device and meth- 
od for making the device has the printed circuit formed 



on the PCB with one or more wire traces that are etched 
away from the printed circuit The etchant removes a 
portion of the bottom layer and sometimes the middle 
layer of an etched tri-metal along with any lamination 
and adhesive. This forms a free end of the wire trace 
that is bonded to the component. Additional wires are 
not required. 



46 



46 fi 
42 



44) 



7 



36 




S 



JO 

44 ,46 48 



7> 



FIG.2 



41 



< 

CM 

09 

CM 
CM 



• • * 



1 



EP 1 122 782 A2 



2 



0 scription 

Background of the Invention 

1. Fi Idofthelnv ntion 5 

(0001] This invention relates generally to Etched Tri- 
MetarETM* electronic circuit assemblies and more par- 
ticularly to wire traces on the circuit board for bonding 
to the component attached to the board. io 

2. Description of the Related Art 

[0002] In the field of electronics manufacturing, vari- 
ous additive and subtractive processes are known for 15 
constructing printed circuit boards (PCBs), Among 
these is the process disclosed in U.S. Patent 3,801 ,388 
issued on April 2. 1974 to Akiyama et al. which is a sub- 
tractive process. The process disclosed in U.S. Patent 
4,404,059 issued on September 13, 1983 to Livshits et 20 
al is an additive process. The process disclosed in U.S. 
Patent Number 5,738,797 issued on April 14, 1998 to 
Belke, Jr. et al that is assigned to a common assignee 
is also a subtractive process. All three of these patents 
are incorporated herein by reference. These patents de- 25 
scribe various additive and subtractive plating and 
chemical etching processes for constructing multi-layer 
PCBs having air bridges. 

[0003] Currently tri-metallic materials, as used in the 
manufacture of PCBs, are a sandwich with aluminum as 30 
the middle layer and copper as the top and bottom lay- 
ers. The layers are typically bonded together with a zinc- 
bonding layer 

[0004] The air bridge structures disclosed in these 
patents are useful in offering design flexibility and print- 35 
ed circuit board real estate savings as far as routing and 
layout of circuit traces. However, these patents do not 
discuss using wire structures to make interconnects with 
wire-bonding techniques. In addition, these patents do 
not discuss creating composite copper-aluminum wires. *o 

Summary of the Invention 

[0005] It is a principal advantage to provide integrated 
wire traces which can be used to obtain electrical con- 45 
nections to internal input-output, "I/O" devices. 
[0006] ft is yet another advantage to avoid the use of 
external wires on a PCB when wiring an electrical device 
to the circuit of the PCB 

[0007] Still another advantage is the elimination of so 
bond pads on the circuit of the PCB. 
[0008] It is still a further advantage to either use a cop- 
per wire trace or a composite copper-aluminum wire 
trace on the PCB. 

[0009] These and other advantages are found in an 55 
etched tri-metat printed circuit board having integrated 
wire traces for wire bonding integrated circuit devices to 
the board. The board has a substrate layer for support- 



ing the etched tn-metal material. An etched tri-metal lay- 
er has a top, middle and bottom' layer, with the bottom 
layer bonded to the substrate. A circuit pattern is etched 
in one or more layers of the tri-metal layer, with the pat- 
tern having at least one area adapted to expose the sur- 
face of at least the middle layer for forming a pocket in 
the tri-metal layer. The depth of the pocket can extend 
to the substrate. 

[0010] A circuit device located in the one area and se- 
cured to the exposed surface be it one of the layers of 
the tri-metal or the substrate. At least one wire trace hav- 
ing at least one of the tri-metal layers is integral with the 
top layer extending from an adjacent surface to the 
pocket with a free end of the wire trace extending over 
a portion of the device and bonded to the device. 
[0011] In addition, other advantages can be found in 
a method for forming an etched tri-metal printed circuit 
board with integrated wire traces for wire bonding inte- 
grated circuit devices to the board. The method begins 
with the step of locating a substrate layer. An etched tri- 
metal layer having a top, middle and bottom layer is lo- 
cated on the substrate layer. The bottom layer of the 
etched tri-metal is bonded to the substrate layer. 
[0012] Next a circuit pattern is etched in or on one or 
more layers of the tri-metal layer. The pattern has at 
least one area adapted to expose the surface of at least 
the middle layer for forming a pocket in the tri-metal lay- 
er. A circuit device is located in the one area and the 
circuit device is bonded to the exposed surface. 
[0013] At least one wire trace is formed having at least 
one of the tri-metal layers integral with the top layer from 
which it is formed. The wire trace extends from an ad- 
jacent surface to the pocket with a free end of the wir 
trace extending over a portion of the device. The wire 
trace is then bonded to the device. 
[0014] These and other advantages are to be found 
in the following detailed description and drawings. 

Brief Description of the Drawings 

[0015] In the drawings: 

Fig. 1 is an elevation view of the prior art bonding 
of a device on a PCB; 

Fig. 2 is an elevation view of a printed circuit board 
with thin wire and a composite wire attached to a 
device; 

Fig. 3 is an elevation view of a cantilevered wire 
formed from the tri-metal; 

Fig. 4 is an elevatjon view of a composite cantilev- 
ered wire from the tri-metal; 

Fig. 5 is an elevation view of an alternate location 
of the device with the wir trace bonded thereto; and 
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Fig. 6 is a plan view of several wire traces according 
to Fig. 5. 

D tailed P scription of the Preferr d Embodiment 

5 

[0016] Referring to the Figs by the characters of ref- 
erence there is illustrated in Fig. 1 a prior art method of 
electrically connecting a device 10 to a printed circuit 
board, PCB. Mounted and secured to a substrate 12 is 
a circuit layout formed in tri-metal material 14 that may 10 
be an etched tri-metal pattern. In the middle of the Fig., 
the tri-metal material 14 is removed 16 or etched away 
for allowing the device 10 to be mounted directly on the 
surface of the substrate 12. Typically thin wires or whisk- 
ers 18 are soldered from a mounting pad 20 on the cir- 15 
cuit layout 14 to a mounting pad 22 on the device 10. If 
the electrical characteristics of the circuit are such, the 
wires or whiskers may be much thicker in this view. 
[0017] Such wire bonding requires the use of fine alu- 
minum wire 1 8, as well as suitable bonding pads 20, 22 20 
onto which the wire is bonded. This is added cost both 
in material, labor and process steps. 
[0018] Figs. 2-6 illustrate an etched tri-metal printed 
circuit board 30 with integrated wire traces 32. 34 for 
wire bonding integrated circuit devices 36 to the board 25 
according to the present invention. A substrate layer 38 
forms the core of the PCB 30 has an etched tri-metal 
layer 40 mounted thereon by means of an adhesive 42. 
The etched tri-metal Iayer40 material has a top 44, mid- 
dle 46 and bottom 48 layer, with the bottom 48 layer be- 30 
ing bonded by the adhesive 42 to the substrate layer 38. 
Typically the top 44 and bottom 48 layers are copper 
and the middle 46 layer is aluminum. 
[0019] A circuit pattern is etched in one or more layers 
44, 46, 48 of the tri-metal layer 40. The pattern, the plan 35 
view of which is not shown, is typically formed by means 
of either the additive process as disclosed in US patent 
4,404,059 to Livshits et al. or the subtractive process as 
shown in US patents 3,801 ,388 issued to Akiyama et al. 
or 5,738,797 issued to Belke, Jr. et al. All of these pat- 40 
ents are identified in the Description of the Prior Art and 
are incorporated herein by reference. The pattern typi- 
cally has at least one area adapted to expose the sur- 
face of at least the middle layer for forming a pocket 50 
in the tri-metal layer 40. In the Figs, the pocket 50 ex- 45 
tends down to the upper bottom 48 layer surface. 
[0020] A circuit device or integrated circuit member 36 
is then located in the one area or pocket 50. The device 
36 is secured to the upper substrate 12 surface as illus- 
trated in Fig. 1; or to the bottom 48 layer as illustrated $o 
in Fig. 2; or the top 44 layer of the etched tri-metal ma- 
terial 40 as illustrated in Fig. 5. The device 36 is secured 
to the surface typically by means of an adhesive material 
42. in Fig. 2, an underfill material 52 is located between 
the device 36 and the bottom 48 layer of the etched tri- 55 
metal material 40. 

[0021] At least one wire trace 34 is created having at 
least one of the tri-metal layers 44, 46, 48 integral with 



the top layer 44 that extends from the surface adjacent 
to the pocket 50. One method of creating the wire trace 
34 is by creating a wire shape attached to a pad on the 
top layer 44 of the tri-metal material 40. Then, according 
to the practice of the processes in the previously men- 
tioned patents, more particularly the subtractive proc- 
ess, the bottom layer 48 copper is etched away. The tri- 
metal material 40 is then laminated to the substrate 38 
with an adhesive film having a cutout below the pro- 
posed wire trace. Next, the aluminum or middle 46 layer 
is etched from the top side of the tri-metal material 40 
to either maintain some aluminum, middle layer 46, on 
the upper layer 44 resulting in a thicker wire 32 or to etch 
away all the aluminum layer 46 resulting in a thin wire 
34 comprising just the top layer 44. The free end 54 of 
the wire trace 32, 34 extends over a portion of the device 
36 as illustrated in FigJ 2 and bonded to a pad on the 
device. 

[0022] In an alternative embodiment, as illustrated in 
Figs 5 and 6. the device 60 is mounted on the top layer 
44. The wire traces 34 are then formed or bent to ext nd 
from the bottom 62 of the device 60 to the bonding pads 
64 on the top 66 of the device 60. Typically the device 
60 is electrically insulated from the top layer 44 in this 
embodiment. Fig. 6 is a plan view of several wire traces 
34 mounted on the top 66 of the device 60 of Fig. 5. 
[0023] In another embodiment, the exposed surface 
is the top of the bottom layer 48 and the device 36 is 
mounted thereon by means of an adhesive 42. This is 
further illustrated in Fig. 2. * 
[0024] The invention also provides a technique of 
connecting etched tri-metal layers 40 on different PCBs 
68, 70 together. In this embodiment, the pocket 50 is 
adjacent the edge of the substrate 38. Typically a thicker 
wire trace 32 is desired, such as one having a composite 
of both the top layer 44 and a portion of the middle layer 
46, The wire trace is longer and extends over the pocket 
50 and over the edge of the substrate 38. In this embod- 
iment, as illustrated in Figs. 3 and 4, when the etched 
tri-metal layer 40 is secured to the substrate 38, the 
etched tri-metal layer overhangs the substrate. By 
means of etching, the bottom 48 or the bottom 48 and 
middle 46 layers are etched away depending upon the 
size of wire trace 32, 34 desired. Of course, the upper 
surface of the wire trace 34 and the upper surface of the 
etched tri-metal layer 40 are the same. The elongated 
wire trace from one PCB 68 has a ; free end 72 that is 
suitable to bond to a pad on the adjacent. PCB 70 as 
illustrated in Fig. 4. In each embodiment, an immersion 
silver coating is put on the outside surface of the top 
layer which enables wire bonding of the copper traces 
to the cooper pads that have also been coated with im- 
mersion silver. In addition to aiding in the bonding, th 
immersion sjlver also prevents the copper from oxidiz- 
ing- 

[0025] A method for forming an etched tri-metal print- 
ed circuit board with integrated wire traces for wire bond- ' 
ing integrated circuit devices to the board has the steps 



EP 1 122 782 A2 



of first locating a substrate lay^Phen an etched tri-met- 2. 
al layer, having a top, middle and bottom layer is located 
and secured. Typically this etched tri-metal layer has a 
circuit pattern located thereon. The bottom layer is 
bonded to the substrate layer. s 
[0026] The circuit pattern is etched in one or more lay* 
ers of the tri-metal layer with the pattern having at least 
one area adapted to expose the surface of at least the 3. 
middle layer for forming a pocket in the tri-metal layer. 
As previously indicated, the depth of the pocket is de- 10 
signer's choice as it can extend to the substrate or any 
of middle or bottom layers. The circuit device is located 
in the pocket and is bonded to the bottom surface of the 
pocket. 

[0027] Forming at least one wire trace having at least *5 4, 
one of the tri-metal layers that is integral with the top 
layer extending from an adjacent surface to the pocket. 
A free end of the wire trace extends over a portion of the 
device. The next step is bonding the wire trace to the 
device. 20 
[0028] In an alternate embodiment, the step of form- 5, 
ing the at least one wire trace comprises the step of etch- 
ing away the middle and bottom layers leaving only the 
top layer of the tri-metal layers. In another embodiment, 
the step of forming the at least one wire trace comprises 25 
the step of etching away the bottom layer leaving only 
the top and middle layer of the tri-metal layers. 
[0029] In still another embodiment the step of etching 6. 
a circuit pattern forms the pocket adjacent the edge of 
the substrate. The at least one wire trace is cantileverly 30 
extending from a surface adjacent to the pocket with a 
free end of the wire trace extending over the edge of the 
substrate. 



An etched tHWetai printed circuit board with inte- 
grated wire traces for wire bonding integrated circuit 
devices to the board according to claim 1 wherein 
said at least one wire trace comprises only the top 
layer of the tri-metal layers with the middle and bot- 
tom layers being etched away. 

An etched tri-metal printed circuit board with inte- 
grated wire traces for wire bonding integrated circuit 
devices to the board according to claim 1 wherein 
said at least one wire trace comprises only the top 
and middle layer of the tri-metal layers with the bot- 
tom layer being etched away. 

An etched tri-metal printed circuit board with inte- 
grated wire traces for wire bonding Integrated circuit 
devices to the board according to claim 1 wherein 
said circuit device is bonded to said exposed sur- 
face by means of an adhesive. 

An etched tri-metal printed circuit board with inte- 
grated wire traces for wire bonding integrated circuit 
devices to the board according to claim 4 wherein 
said exposed surface is the bottom layer of said tri- 
metal and said circuit device is bonded to said ex- 
posed bottom layer surface by means of adhesive. 

An etched tri-metal printed circuit board with inte- 
grated wire traces for wire bonding integrated circuit 
devices to the board according to claim 5 wherein 
said circuit device is bonded to an underfill material 
which is bonded to said exposed surface by means 
of adhesive. 
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Claims 

1. An etched tri-metal printed circuit board with inte- 
grated wire tracesfor wire bonding integrated circuit 
devices to the board comprising: <o 

a substrate layer; 

an etched tri-metal layer, having a top, middle 
and bottom layer, with said bottom layer bond- 
ed to said substrate layer; 45 
a circuit pattern etched in one or more layers of 
said tri-metal layer, said pattern having at least 
one area adapted to expose the surface of at 
least said middle layer for forming a pocket in 
said tri-metal layer; so 
a circuit device located in said one area and se- 
cured to said exposed surface; and 
at least one wire trace having at least one of 
said tri-metal layers integral with said top layer 
extending from an adjacent surface to said 55 
pocket with a free nd of said wire trace extend- 
ing over a portion of said d vice and bond d to 
said device. 



7. An etched tri-metal printed circuit board with inte- 
grated wire traces for wire bonding integrated circuit 
devices to the board according to claim 1 wherein: 

said pocket is adjacent the edge of said sub- 
strate; and 

said at least one wire trace having at least one 
of said tri-metal layers integral with said top lay- 
er extending from an adjacent surface to said 
pocket with a free end of said wire trace extend- 
ing over said edge of said substrate. 

8. An etched tri-metal printed circuit board with inte- 
grated wire traces for wire bonding integrated circuit 
devices to the board according to claim 7 wherein 
said at least one wire trace is a cantilever wire trace 
having the top and middle layers of said tri-metal 
with said bottom layer removed from said middle 
layer. 

9. An etched tri-metal printed circuit board with inte- 
grated wire traces for wire bonding integrated circuit 
devices to the board according to claim 8 wherein 
said cantilever wire trace is- adapted to be bonded - 



7 



EP 1 122 782 A2 



to anoth r device xternal to said printed circuit 
board. 

10. An etched tri-metal printed circuit board with inte- 
grated wire traces for wire bonding integrated circuit 5 
devices to the board according to claim 7 wherein 
said at least one wire trace is a cantilever wire trace 
comprising the top, middle and bottom layers of said 
tri-metal, 
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